Existence of an internal carbonic anhydrase was demonstrated in the cyanobacterium Synechocystis PCC 6714. The enzyme, present at a low specific activity, was inducible by limitation in inorganic carbon and inhibited both in vivo and in vitro by acetazolamide. The internal inorganic carbon pool as determined by mass spectrometry, was similarly modulated by the actual inorganic carbon growth regime; its building up was also sensitive to acetazolamide. A possible role of carbonic anhydrase in inorganic carbon metabolism regulation through the control of the dimension and nature of the inorganic carbon pool is discussed.
substrate (10, 11) . In addition, CA activity has been reported to vary with the Ci supply in a number oforganisms, including cyanobacteria (4, (7) (8) (9) . Which step is the initial target of the adaptation process has not been elucidated.
The present work gives evidence for a concomitant modification of these two latter functions, Ci accumulation and CA activity, in response to variations of external Ci concentrations, in the facultative phototrophic cyanobacterium Synechocystis PCC 6714 . An implication of CA in the control of the intracellular pool is discussed.
MATERIALS AND METHODS

Strain and Growth Conditions
Synechocystis PCC 6714 was obtained from the Pasteur Institute (13) . It was grown in Allen's minimal medium (5) modified by omitting the orthosilicate and doubling the NaNO3 concentration. Standard growth conditions were 34°C and gentle agitation under 55 E * m-2 . s-' (3500 lux) provided by white light fluorescent tubes. 'High C02' (HC) conditions were obtained by blowing an air-CO2 mixture (95:5) in the medium. ' Low C02' (LC) cells were grown in the above medium totally depleted of mineral carbon; atmospheric CO2 (0.03%) on the surface ofthe liquid phase was the only carbon source. Generation times were 5 and 16 h for HC and LC cells, respectively.
Inorganic Carbon Uptake
Ci uptake was estimated by the silicone oil filtration technique, according to Miller and Colman (8) . Assays were performed in the light at 28°C in 400 gL microfuge tubes. The tubes contained successive layers of NaOH 2 N (100 ML) and a mixture (1/1, v/v) The basis ofthe method is the measurement ofthe depletion in 180 from C'802 resulting from the hydration-dehydration reaction between CO2 and water (17) . The rate of 180 depletion was followed by mass spectrometry and a membrane inlet system. A temperature-controlled (25°C) glass reaction cell was connected to a three-collector mass spectrometer (type (2) .
Saturation of the pool was achieved after uptake of three times more Ci for LC than for HC cells (Table I ). The figure, 
Carbonic Anhydrase Activity in LC and HC Cells
As for other cyanobacteria (7, 8) , no extracellular carbonic anhydrase activity could be detected in Synechocystis 6714. An intracellular activity was measured in a concentrated preparation of the soluble cytoplasmic proteins. CA activity was determined by the Wilburg-Anderson method, comparatively on LC and HC cells. The multistep procedure for the preparation of extracts resulted in important variations of absolute activities among independent experiments, as reported by Yagawa et al. (22) . Values obtained from simultaneous preparations, however, always yielded a 7-to 10-fold increase for LC cells as compared to HC ones, as shown in Table II for two typical experiments. CA activity was measured in vivo from the isotopic exchanges between HC1803-, C'802, and H20. These exchanges were determined by measuring the evolution of the concentrations of C'802 (C02-48), C6080 (C02-46), and C'602 (C02-44) in the incubation medium, the input of H'802 being negligible in the reaction vessel (Fig. 1B) Figure 1 . Variations of log T as a function of time (Fig. 2) showed a linear function, indicating first order kinetics. The rate constant, 0, as defined in Shiraiwa and Miyachi (15) , could be determined as the slope of the curves. Addition of the cells in the dark did not modify the uncatalysed exchange rate (Fig.  2, phases a and b) . The ratio of the 0 values for LC to HC cells (Table III) , determined during the steady state of photosynthetic activity (phase d), was close to 5.
Influence of AZA on the Initial Steps of Ci Metabolism
AZA is an inhibitor of carbonic anhydrase. Although it has been reported as poorly permeant in species such as C.
reinhardtii (9, 21) , AZA did enter the cyanobacterial cells.
This was shown by its inhibitory effect on cell growth. Suspensions of LC or HC cells treated with 5 mm AZA stopped growing after a lag equivalent to one generation time under the corresponding Ci growth regimes.
AZA showed differential effects on the early steps of Ci metabolism, but did not discriminate between LC and HC cells. Ci uptake rate was not or only slightly affected for up to 24 h of contact with the drug (Fig. 3, curves A) . Longer treatments led to cell bleaching and parallel loss of all activities.
Under conditions (1 mM AZA) giving 100% inhibition of a commercial enzyme (Sigma beef heart CA C-7500), total inhibition ofthe CA activity present in extracts prepared from LC or HC cells was observed. A 2 h incubation of whole cells in 5 mM AZA reduced the rates of catalysed 18Q exchanges to levels close to that of the noncatalysed reaction (Table III) . Though less efficient, the inhibition was measurable in HC cells.
In parallel with this effect on CA, AZA showed an inhibition ofthe assimilation of Ci into organic compounds, determined as the incorporation into the acid stable fraction of the '4Ci taken up by the cells (Fig. 3, curves B) . The efficiency of this inhibition, however, was lower than that on CA activity, since 10% incorporation still took place after 24 h of treatment.
The building of the internal Ci pool was also prevented by AZA (Table I ). The extent of this inhibition (about 50%), (Tables II and III) . Maximal induced activities were similar to those known for other cyanobacteria (6, 7), but largely inferior to that ofthe inducible periplasmic enzyme of Chlamydomonas reinhardtii (3, 9, 22) . The internal constitutive CA described in this alga (9) suggests that a proportion of the Ci pool is maintained as CO2, generated by CA and used as substrate source by Rubisco. The apparent discrepancy between the kinetics ofinhibition by AZA on CA activity on one hand (90% in 2 h for LC cells, Table III ) and on Ci incorporation into organic compounds (30% in 2 h, Fig. 3 ) on the other, could reflect the presence of this CO2 pool.
The existence in Synechococcus R2 of a similar capacity to modulate Ci accumulation in response to availability of external Ci ( 11) could be explained by the same scheme.
Carbonic anhydrase might, as proposed by Stemler (16) , be involved in the regulation of electron transfer through PSII. Such a hypothesis would imply that the apparent sensitivity to AZA of Ci accumulation observed here be a secondary effect, due to, for instance, a depletion of available energy or a modification of the internal pH equilibrium.
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